C
ooper et al. investigated the relative timing of abrupt climate change and megafaunal extinction during the last glacial period (1) . In the process, they created a time scale, denoted GICC05-Cariaco, based on a combination of data from marine sediments, speleothems, and ice cores, the latter presented on Greenland Ice Core Chronology 2005. Cooper et al. are obviously welcome to present data on their own time scale, but because they present their results as a revision of the GICC05 time scale developed by our group (2-5), we find it appropriate to discuss why we think GICC05-Cariaco represents a step in the wrong direction when it comes to time scale integration. We do not contest the megafaunal analysis: Cooper et al. state that the conclusions are robust to change of chronology.
When ice cores are dated by annual layer counting, the uncertainty accumulates with increasing age (6) . Consequently, the determination of absolute ages is accurate for recent periods, whereas the accumulated uncertainty becomes large (i.e., low accuracy) in the last glacial period, compared with uncertainties of other dating methods, such as radiometric dating. However, even when the absolute accuracy is relatively low, layer counting still provides the possibility to determine event durations precisely. For example, at the onset of Greenland stadial 6 (GS-6), which according to GICC05 occurred 33.31 thousand years before 1950 C.E. (b1950), the GICC05 accumulated maximum counting error is 1191 years. In contrast, the outstanding precision allows for the determination of the duration of Greenland interstadial 6 (GI-6) and the subsequent stadial GS-6 to 1240 years, with a maximum counting uncertainty of 80 years (4) . Thus, the duration estimate is an order of magnitude more precise than the absolute dating accuracy.
For radiometrically dated records, the situation is generally the opposite: relatively high accuracy and low precision. Cooper et al. uses Cariacoderived ages of the GI/GS-6 pair that yield a duration of 2627 years with a 1 s root mean square uncertainty of 271 years-i.e., more than twice the precise ice-core-based duration and not compatible with GICC05 within >3 s. Even though the individual ages of the interstadial onsets are compatible between the Cariaco and GICC05 time scales within their respective error margins, the associated event durations are not. On this background, we argue that the presented set of ages from Cariaco cannot meaningfully be combined with the GICC05 event durations.
The differences in how the interstadials are expressed in the Cariaco and Greenland records are illustrated on figure S3 in (1) . The large discrepancy between GICC05 and GICC05-Cariaco Table 1 . Data from (1) (first five columns). The GICC05-Cariaco ages (column 6) are obtained by error-weighted averaging hereof, demonstrating that interstadial durations are not needed for the construction of GICC05-Cariaco as claimed in (1) . Column 7 shows the duration of each GI-GS pair in GICC05-Cariaco relative to GICC05. The column "Termination of interstadial" in table S3 of Cooper et al. is derived by adding estimated interstadial durations from (8) to the onset ages-i.e., assuming no stretching of interstadials. However, in the data of Fig. 1 If radiometric dates and annual-layer-counting results are to be meaningfully combined, we argue that the methodology must respect that radiometric dates are mutually independent with small uncertainties, whereas annual-layer-counted chronologies have large but highly correlated uncertainties. Furthermore, we argue that a combination of the two must take into account the uncertainties in aligning the records.
GI-
Cooper et al. claims that the interstadial durations from GICC05 have been maintained for the revised GICC05-Cariaco time scale. We see this as a step toward acknowledging that annuallayer-counted interstadial durations are indeed precisely determined, but it is unclear why Cooper et al. do not treat stadial durations in the same way. Furthermore, it turns out that the GICC05 interstadial durations do not actually enter the time-scale merging calculations: As demonstrated in Table 1 , the ages of interstadial onsets in the GICC05-Cariaco time scale can be obtained by error-weighted averaging of the interstadial onsets in GICC05 and Cariaco. The approach assumes independent uncertainties for both records and disregards uncertainty of the alignment of events between records. Table 1 also shows the stretching factor of each GI/GS pair in GICC05-Cariaco compared with GICC05. The maximum counting error estimates of GICC05 are below 5% at all depths, corresponding to stretching factors between 0.95 and 1.05. Back to GI/GS-3, the stretching factors are within those limits, but for older sections, interstadialstadial durations are stretched or compressed more than what is consistent with the annual layer counting results. The extremes are GI/GS-6, whose duration is more than doubled, and GI/GS-7, which is compressed to 69% of its GICC05 duration.
As an example of how annual-layer-counted chronologies can be meaningfully combined with radiometric dates, Buizert et al. (7) combined GICC05 and Hulu ages in the construction of the West Antarctic Ice Sheet Divide time scale. Their age differences between aligned events are shown in Fig. 1 (black symbols with estimated matching uncertainties), together with the GICC05-Cariaco age differences from Cooper et al. (red symbols). Based on a linear fit, GICC05 was stretched by a factor of 1.0063 to, on average, align Hulu and Greenland ages (blue dashed curve in Fig. 1) (7) . All event durations are thus increased by 0.63%, suggesting a small bias in the layer counting during the construction of GICC05. A similar analysis using data from Cooper et al., which are less precise due to the matching via Cariaco, leads to a bias estimate of 0.96% (Fig. 1, red dashed line) , well within the maximum counting error of GICC05.
We conclude that the GICC05-Cariaco time scale cannot be seen as a revision of GICC05 because it is not consistent with the constraints given by the annual layer counting on which GICC05 is based. We thus recommend that the GICC05-Cariaco time scale not be used for palaeoclimatic reconstructions and, in particular, not for presentation of ice-core data. 
